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For many decades, it has been recommended that 
patients with kidney disease should modify their nutrient 
intakes. Depending on the disease, these advices are gener- 
ally focused on salt, protein, potassium, calcium, phospho- 
rus, alkaline derivatives, oxalates, citrates, products that 
engender uric acid, and obviously water or fluid intake. In 
this chapter, we will focus on the experimental and clinical 
effects of protein intake on kidney function in patients with 
a chronic reduction in glomerular filtration rate (GFR) who 
do not have end-stage kidney disease. We will address the 
potential benefits and risks of limiting the patient’s protein 
intake to an optimal level, and how to monitor the actual 
intake of these diets. In addition, the clinical evidence that 
justifies such dietary interventions in patients with chronic 
kidney disease (CKD) will be discussed. 


Assessing the progression of chronic kidney 
disease 


One of the main questions that arise when investiga- 
tors want to study nephroprotection is how the progres- 
sion of kidney disease should be monitored. Experimental 
studies frequently present histological data such as glo- 
merular sclerosis, tubular atrophy, and interstitial fibrosis 
in response to diet interventions. However, such data are 
not available in humans, since ethical reasons prevent the 
performance of serial kidney biopsies during dietary inter- 
ventions. Since kidney failure is the ultimate consequence 
of progressive kidney disease, kidney function and its 
impairment is usually considered a key outcome measure 
in experimental as well as clinical trials. However, one of 
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the main limitations of this approach is that renal function 
is directly affected by nutritional intake independently of 
injury to kidney tissue. Thus interpretation of traditional 
markers of renal function could be flawed by nutritional 
interventions. To illustrate this point, Levey et al. have 
summarized the renal function decrease during the 
Modification of Diet in Renal Disease (MDRD) study 
using different estimates of GFR, in both groups of usual 
and low-protein intake diets (Fig. 16.1). If we accept the 
125]-iothalamate renal clearance as the gold standard for 
GFR measurement, it is easy to note that other traditional 
renal function markers are not as accurate measures of 
GFR and can lead to misinterpretation. Although it is not 
the aim of this chapter to present detailed information on 
how to monitor renal function in experimental and clini- 
cal studies, some brief comments related to nutritional 
influences may be warranted. 

Serum creatinine has been extensively used to monitor 
renal function and to assess kidney disease in clinical 
trials [1]. It is now well established that serum creatinine 
or its derivatives are not accurate indicators of renal func- 
tion [2]. Serum creatinine is produced by the muscle 
catabolism of creatine, 1.7% of the entire muscle creatine 
pool is converted to creatinine daily. This conversion 
rate does not appear to be extremely constant, since the 
daily variability in this conversion rate, in healthy volun- 
teers, has been reported to range from 6% to 26% [3]. 
Serum creatinine is also affected by creatine and creatinine 
intake from cooked meat [4]. Indeed, those investigators 
reported that serum creatinine increased by as much as 
50% from normal values within 2—4 hours after a meal 
containing 225 g of boiled beef [4]. The halftime to achieve 
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a new steady state in creatinine excretion following a 
change in creatine intake is 41 days [5]. Thus any change 
in creatine intake (e.g., in intake of animal skeletal muscle) 
will necessitate a minimum of three half-lives to reach a 
new plateau, for example, 4 months after the start of the 
new diet, and before any valid estimation of renal func- 
tion from creatinine could be done. In addition, any 
change in the diet that leads to a variation of muscle mass 
will modify the creatine pool and creatinine production 
[6]. For instance, intensive physical exercise leading to 
hypertrophy of skeletal muscle will induce a rise in serum 
creatinine independent of renal function change. 

Serum creatinine may also vary independently of 
renal function and food intake for additional reasons. 
First, there is intervariability between measurement tech- 
niques among different clinical laboratories that can 
exceed 30—40 pmol/L for the same sample. Second, the 
level of serum creatinine depends on the tubular secre- 
tion of creatinine, which has a great variability, 
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16. Dietary interventions to slow the progression of chronic kidney disease and improve metabolic control of uremia 


FIGURE 16.1 The rates of decline in renal 
function as measured by different techniques in 
Study A of the Modification of Diet in Renal 
Disease Study. Dashed lines: usual protein intake; 
—4 solid lines: low protein diet. A: 125]-iothalamate 
plasma clearance; B: Tubular secretion of creati- 
nine; C: Creatinine clearance; D: Creatinine excre- 
-12 tion rate; E: Reciprocal serum creatinine. Source: 

From Levey AS, Bosch JP, Coggins CH, et al. Effects 

of diet and antihypertensive therapy on creatinine 
0.0 clearance and serum creatinine concentration in the 
Modification of Diet in Renal Disease Study. J Am 
Soc Nephrol 1996;7(4):556-66. 


particularly in the range of 40—80 mL/min of GFR [7]. In 
addition, the tubular secretion of creatinine is impaired 
by many medications such as trimethoprim, cimetidine, 
salicylate, or probenecid. These drugs will generally 
block the tubular secretion of creatinine, increasing 
serum creatinine without a change in GFR. Creatinine is 
also metabolized by extrarenal routes, mostly degraded 
by intestinal microorganisms, and this extrarenal clear- 
ance may vary as kidney disease progresses [8]. 

Since it has been showed that in most kidney dis- 
eases, there is a linear loss of renal function over time 
in more than 80% of patients, the inverse of serum cre- 
atinine (1/Secret), which also decreases linearly with 
time, has been used as a surrogate for estimating kid- 
ney function. Unfortunately, all of the limitations that 
exist using the serum creatinine as an indication of 
GFR also pertain to the reciprocal of the serum creati- 
nine, thus rendering this marker unsuitable for asses- 
sing diet impact on renal function. 


II. Nutrition and slowing of progressive chronic kidney disease 


Assessing the progression of chronic kidney disease 


Creatinine clearance, serially measured, has been 
proposed as an indicator of kidney function loss. 
Creatinine clearance is not an ideal method for asses- 
sing glomerular filtration, since it exceeds the GFR by 
10—15 mL/min (in healthy adults) due to active tubu- 
lar secretion. As kidney function deteriorates further, 
the tubular secretion increases disproportionately and 
can overestimate kidney function by 80%—100% in 
cases of severe kidney insufficiency [7,9]. The correla- 
tion between the creatinine clearance and true GFR is 
weak and improves after administering cimetidine 
(800 or 1200 mg), which blocks the tubular part of cre- 
atinine clearance, 1—2 hours before commencing the 
urine collection [9—11]. In the pilot phase of the 
MDRD study, the mean correlation between the rate of 
change in creatinine clearance (24-hour urine collec- 
tion) and GFR (125I-iothalamate clearance) was only 
0.56 and 0.50 in Studies A and B, respectively [12]. 
Another important nonspecific cause of inaccurate esti- 
mation of kidney function by the creatinine clearance 
is an incomplete urine collection. This inaccuracy tends 
to improve when short-period repeated urine collec- 
tions are done over a 3- to 4-hour period [10,13]. Thus 
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to assess the effects of a given intervention on kidney 
function in a clinical trial, creatinine clearance can be 
used under the following conditions: the range of kid- 
ney function of patients should be wide, the treatment 
does not affect the tubular secretion of creatinine, and 
the clearance is measured during short periods [10,13]. 
Whether “cimetidine” creatinine clearance should be 
performed in diet intervention studies has not yet been 
validated but perhaps should be considered when true 
GFR measurements cannot be employed. 

Recently, a number of formulas have been derived 
from creatinine and various parameters such as age, gen- 
der, and weight (Eq. 16.1) [14—16]. These formulas appear 
convenient to use, can be computed directly from simple 
software or pocket organizers, and have broad. applicabil- 
ity for the general treatment of kidney disease. Levey and 
colleagues reanalyzed the data obtained through the 
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MDRD study and proposed a formula based on serum 
creatinine, serum urea, serum albumin, age, gender, and 
ethnicity, which is more accurate than creatinine clearance 
or the Cockcroft—Gault equation (Eq. 16.2) [17]. 


CCr = [(140 — age) X Weight] /(Pcreat X72) for men (16.1) 
CCr = [(140 — age) x Weight] /(Pcreat x 85) for women 


where CCr is creatinine clearance in mL/min, Pcreat is 
serum creatinine in mg/dL, age in years, and weight 
in kg (from Ref. [14]). 


GFR = 170 x [Pcreat] — 0.999 x [Age] — 0.176 X [0.762 if patient is female] 
X [1.180 if patient is black] x [SUN] — 0.170 x [Alb] + 0.318 


(16.2) 


where GFR is the GFR in mL/min/1.73 m°, Pcreat is 
serum creatinine in mg/dL, Age in years, SUN is 
serum urea nitrogen in mg/dL, and Alb is serum albu- 
min in g/dL (from Ref. [17]). 

More recently, Levey et al. identified a new formula 
[18] called CKD-EPI (Chronic Kidney Disease - 
Epidemiology Collaboration), using different thresholds 
based on race, gender, and serum creatinine: 


GFR = 166 x (Scr/0.7) ©? x (0.993)*8° 
GFR = 166 x (Scr/0.77 120 x (0.993)*8° 
GFR = 163 x (Scr/0.9)°4!! x (0.993)^8° 
GFR = 163 x (Scr/0.97 129 x (0.993)*8° 


GFR = 144 x (Ser/0.7)°29 x (0.993)*8° 
GFR = 144 x (Scr/0.7)!7° x (0.993)*8° 
GFR = 141 x (Scr/0.9)°4!! x (0.993)8 
GFR = 141 x (Scr/0.97 120 x (0.993) 


(16.3) 


However, although simple formulas can predict 
GFR with acceptable precision for routine use 
(Cockcroft—Gault formula overestimates GFR by only 
16%, e.g., 7 mL/min/1.73 m’, [17]), for research pur- 
poses, more precise techniques should be used. 

GFR is considered to be the gold standard for estimat- 
ing renal function and for assessing the progression of 
kidney disease [2]. However, the GFR measurement is 
difficult to perform, expensive, and also presents some 
limitations. Traditional markers such as inulin have been 
challenged by radiotracers such as 125I-iothalamate, 
99mTc-DTPA, or 51Cr-EDTA. Measurements can be 
done after a single injection, either subcutaneously or 
intravenously, and include plasma and/or urine samples 
over 3—4hours. Usually, when urine samples are 
needed, bladder catheterization is not necessary but may 
be required in cases of bladder dysfunction such as in 
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diabetes or neurological disease. To avoid prerenal azote- 
mia, it is generally recommended to ensure a minimal 
urine output by ingesting a water load before the test. 
Anastasio and colleagues have challenged this fact while 
actually reporting a decrease in GFR after patients 
received a large oral water load (4 mL/kg body weight 
every 30 min) during a 3-hour GFR measurement [19]. 

Finally, another more pragmatic approach has been 
proposed recently to assess the efficacy of a treatment in 
kidney failure. The “renal death” was defined as the num- 
ber of patients starting dialysis during a study [1]. Since it 
cannot formally be excluded that the death of a patient is 
not from kidney failure origin, we have included the 
number of death within the “renal death” definition, as 
well as the number of kidney transplantation before the 
start of dialysis if it happened during the study. 


Protein intake and chronic kidney disease: 
Experimental data 


There is ample evidence, dating from the 1920s, that 
elevated protein intake or amino acid infusion alters 
kidney hemodynamics and impairs renal function and 
tissue in normal animals or experimental kidney insuffi- 
ciency [20—25] (for detailed reviews see [26—28]). In 
many of these experiments, it is somewhat difficult to 
clearly identify the specific role of protein per se, since 
sodium, energy, fluid, and phosphorus intakes obvi- 
ously varied and were not always controlled. In addi- 
tion, in the case of severe experimental nephropathy, 
high-protein intake may have elicited superimposed 
uremic toxicity and mortality not directly related to kid- 
ney function or kidney damage, thus adding confound- 
ing elements [21]. We will review here the experimental 
data on the renal effects of a reduced protein intake. 


Effects on renal hemodynamics 


The hemodynamic effects of dietary protein have been 
attributed to a number of mechanisms that eventually 
increase GFR, induce and/or increase proteinuria, and 
lead to glomerulosclerosis and kidney failure. Candidates 
for these mechanisms include hormones [glucagon, insu- 
lin, insulin-like growth factor-1 (IGF-1), and angiotensin II 
(AID], cytokines (prostaglandins), and kinins [29—33]. 
Intrarenal regulation of sodium transport may also be 
involved through the proximal sodium/amino acid 
cotransporter; activity of this transporter is enhanced in 
response to an increased filtered amino acid load, thus 
stimulating the tubuloglomerular feedback and increasing 
the GFR [34]. Protein restriction ablates most of the hemo- 
dynamic changes observed after kidney ablation or 5/6 
nephrectomy. Micropuncture studies provide direct 
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evidence that the increase in single-nephron GFR after 
kidney mass reduction is responsible for the accelerated 
glomerular injury [35]. Reducing protein intake decreases 
GFR in normal animals and blunts the renal hemody- 
namic changes induced by extensive kidney ablation, that 
is, increased glomerular pressure and flow. Subsequent 
studies in rats with less severe kidney ablation showed 
that a low-protein intake also lowers hyperfiltration and 
retards the onset of proteinuria and glomerular fibrosis 
[23,36,37]. In addition to these experimental data, low- 
protein intakes also increased survival in these animals 
with reduced kidney function [21]. 

A reduced animal protein intake (usually a diet con- 
taining 6% protein) allows the control of glomerular 
hypertension by inducing afferent arteriolar vasocon- 
striction, which, in turn, decreases the glomerular 
plasma flow and reduces proteinuria [35]. Protein 
restriction decreases the percentage of glomerular scle- 
rosis and proteinuria. Indeed, Hostetter and colleagues 
reported that at 4 and 8 months after the onset of kid- 
ney disease created by a 5/6 nephrectomy, glomerulo- 
sclerosis was attenuated by 50% in animals receiving a 
6% protein diet and proteinuria was lowered to 25% of 
that in rats receiving a 40% protein diet [23]. Of impor- 
tance, these benefits were observed at different levels 
of kidney disease (Fig. 16.2). 

Micropuncture studies in 5/6 nephrectomized rats 
showed that a reduction in protein intake from 20% to 
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FIGURE 16.2 Percentage of sclerosed glomeruli in two different 
levels of experimental renal insufficiency as compared with a control 
group of rats. Open circles: low protein intake; close circles: high 
protein intake. Source: From Hostetter TH, Meyer TW, Rennke HG, 
Brenner BM. Chronic effects of dietary protein in the rat with intact and 
reduced renal mass. Kidney Int 1986;30(4):509-517. 
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Protein intake and chronic kidney disease: Experimental data 


6% led to a reduction in single-nephron GFR and intra- 
glomerular capillary pressure to normal [25]. Of inter- 
est, proteinuria in the 6% protein diet group was 
reduced to one-fifth of proteinuria observed in the 20% 
protein diet group. Both groups of rats were hyperten- 
sive, and there was no discussion on what the effects 
of a low-protein diet would have been if the rats were 
normotensive [25]. Thus whereas a low-dietary protein 
intake shortly commenced after the onset of kidney 
ablation seems to mainly blunt the increase in glomer- 
ular capillary pressure, a delayed low-protein diet will 
reduce glomerular capillary pressure without lowering 
kidney hyperperfusion or hyperfiltration [25,38]. These 
data support the deleterious impact of glomerular 
hypertension, and the protective role of a low-protein 
intake on the remnant renal function in experimental 
kidney disease. 


Effects on oxidant stress and inflammation 


Protein intake and protein trafficking through the 
kidney are associated with hypermetabolism [39] and 
oxidant stress [40]. Oxygen consumption and ammonia 
production decreased by about 50% when rats were fed 
with a 12% instead of a 40% protein diet [40]. This fact 
is primarily explained by a decrease in net sodium reab- 
sorption [41]. In another study, hypoxic injury of the 
thick ascending limb was mitigated by reducing the 
protein content of the diet [42]. Additional metabolic 
data obtained through 31P-NMR spectroscopy also 
show that protein restriction reduces intracellular inor- 
ganic phosphate and pH, consistent with a decrease in 
oxygen consumption [43]. This decrease in oxygen 
demand secondary to a reduction in protein diet from 
30% to 6% may be responsible for reduced kidney pro- 
duction of glutathione and malondialdehyde [41,43]. 

Other studies have addressed the potential kidney 
antifibrotic effect of a low-protein diet. Nakayama and 
colleagues reported that in adriamycin-treated rats, 
expression of fibronectin and TGF-8 in the kidney was 
dramatically reduced when animals received a 6% pro- 
tein diet as compared with their littermates receiving a 
regular 20% protein diet [44]. In addition, these investi- 
gators showed a posttranscriptional reduction in fibro- 
nectin synthesis after short-term (2-week) treatment with 
a low-protein diet, whereas there was no difference in 
fibronectin gene expression. These interesting observa- 
tions bear similarities to the effects of energy and protein 
intakes on the transcriptional and posttranscriptional 
regulation of IGF-1 synthesis in liver cells [45,46]. 

TGF-8, a potent profibrotic agent, is decreased by 
intervention with low-protein diets. Peters and collea- 
gues documented two sets of findings in this regard: 
first, L-arginine supplement augmented the propensity 
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of a low-protein diet (6%) to reduce the glomerular 
expression of TGF-3, fibronectin, and plasmin activator 
inhibitor 1 (PAI-1) in a model of immune glomerulone- 
phritis [47], independent of nitric oxide metabolism. 
Second, whereas maximal AII blockade by very high 
doses of either ACEI (angiotensin converting enzyme 
inhibitor) or AII antagonists resulted in only a 45% 
decrease in TGF-8 gene expression and protein pro- 
duction, the addition of a low-protein diet to other 
well-established nephroprotective treatments resulted 
in a further 20% reduction in TGF-6 expression and 
production, and this was associated with a similar 
decrease in fibronectin and PAI-1 [48]. It should be 
emphasized that in both experiments the control of 
profibrotic mediators was associated with a concomi- 
tant decrease in proteinuria. These findings provide 
good evidence that a low-protein diet possesses its 
own therapeutic actions, independent from ACEI or 
All antagonists on kidney scarring. 

Tovar-Palacio and colleagues [49] studied the effects 
on kidney tissue of different amounts and nature of 
protein intake in obese Zucker rats. These animals that 
had normal renal function ingested either casein or soy 
protein, in an amount of 20%, 30%, or 45% of the food 
intake for 2 months. Urine excretion of hydrogen perox- 
ide, a marker of oxidative stress, increased in a parallel 
manner to the protein intake, and for the same amount 
of protein in the diet, was consistently lower in the veg- 
etal source of protein as compared with the animal one. 
Proteinuria followed the same trend and was lowest in 
the 20% soy protein diet [49]. Furthermore, kidney 
expression of genes involved in inflammation (IL-6 and 
TNF-a), lipid metabolism (SREBP-1 and FAS), matrix 
accumulation (type IV collagen), and fibrosis (TGF-3) 
was lowest in the 20% soy diet and highest in the 45% 
casein diet. Although these rats did not have kidney 
failure, these results strongly support a deleterious 
effect of high casein intake and a nephroprotective 
impact on low protein from vegetal source [49]. 

Studies have addressed the potential role of 
endothelin (ET) as a cause of puromycin-induced glo- 
merulosclerosis. In addition, ET-1 gene expression has 
been reported to be elevated in other kidney mass 
reduction experiments. Nakamura et al. reported that 
a 6% protein diet was able to reverse proteinuria and 
increase ET receptor mRNA, ET-1 mRNA, and protein 
in puromycin-induced glomerulosclerosis as compared 
with rats receiving a 22% protein diet [50]. Whether 
this improvement occurs through a reduction in fac- 
tors that stimulate ET release, for example, TGF-6 and 
TNF-a, has not been directly proven in this experiment 
but represents a possibility [51]. 

Kruppel-like factor-15 (KLF-15) is a transcription fac- 
tor that has been showed to reduce cardiac fibrosis. Gao 
et al. [52] studied KLF-15 in 5/6 nephrectomized rats 
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receiving either a controlled (22%), or low-protein 
intakes (6% or 5%+1% ketoacids) for 6 months. As 
expected, proteinuria, glomerular sclerosis, and tubular 
fibrosis were reduced in both LPD (low protein diet) and 
LPD+KA (ketoanalogues) groups, but to a greater 
extend in the LPD + KA rats [52]. Kidney expression of 
profibrotic factors (TGF-, fibronectin, and type IV colla- 
gen) was dramatically reduced in both LPD groups, as 
were proinflammatory markers (TNF-a, MCP-1, and 
RANTES). As a consequence of increased TGF and 
TNF-a production in CKD rats receiving the control pro- 
tein, KLF-15 expression was completely abolished, 
whereas LPD or LPD+KA almost restored KLF-15 
expression to normal. For virtually all measurements, 
LPD + KA did improve KLF-15 better than LPD alone 
[52]. Thus there is an extensive data set to support the 
kidney antioxidant, antiinflammatory, and antifibrotic 
effect of a reduction in protein intake in experimental 
kidney disease. 


Effects of the source of dietary proteins 


As already shown earlier by Tovar-Palacio et al. [49], 
the effect of the type of protein deserves further com- 
ments. Based on the observation that vegetarians have 
lower GFR than omnivores [53,54], Williams et al. 
tested two different sources of protein derived from 
either animal or vegetable origin, casein, or soya, in 
stable CKD rats [55]. Both regular (24%) and moder- 
ately low (12%) protein intakes of each of those two 
protein sources were studied. After 3 months of dietary 
feeding, glomerulosclerosis and tubular dilation were 
found to be always greater in the casein- versus soya- 
fed groups. Proteinuria was greatest with the 24% 
[99 + 34(sd) mg/day] and 12% (64+18) casein diet, 
lower in the 24% soya group (30 + 5), and lowest in the 
12% (35+ 7) soya groups. There was no difference in 
the severity of the proteinuria or histological lesions in 
the 24% versus the 12% soya groups [55]. Although 
these results are convincing, it should be noted that, 
due to the different digestibility of protein, it is possible 
that vegetable proteins were less absorbed than the ani- 
mal proteins by about 10%, thus reducing the true pro- 
tein load with the former diet. It is interesting to note 
that particular amino acids may elicit specific renal 
hemodynamic effects. A diet enriched with L-arginine, 
the precursor of nitric oxide (NO), has been shown to 
reduce glomerular hypertension and glomerulosclerosis 
in 5/6 nephrectomized rats [56]. Because NO is a 
potent vasodilation factor, locally enhanced NO pro- 
duction may be involved in these hemodynamic 
changes. L-Arginine also stimulates growth hormone 
secretion, which may also cause renal vasodilation 
through the release of IGF-1, and consequently, NO. 
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Protein and/or energy intake? 


Venkatachalam and colleagues developed another 
interesting hypothesis. Since in most studies of protein 
reduction, it is the whole food intake that is reduced, 
these authors have studied the effects of energy restric- 
tion as compared with protein restriction [57]. Five 
groups of 5/6 nephrectomized rats were fed either a 
control diet, a 40% reduction in overall food, a 40% 
energy-reduced diet, a 40% protein-reduced diet, and a 
40% salt-reduced diet. After 21 weeks of diet, histologi- 
cal findings clearly showed protected kidneys in the 
low energy alone group, which disclosed less glomeru- 
losclerosis as well as less interstitial inflammation, as 
compared with all other groups. Of interest, protein- 
uria was lowest in this calorie-restricted group [57]. 
The discrepant finding of an absence of beneficial 
effects of the protein-reduced diet might be explained 
by a too modest reduction in protein intake as com- 
pared to the control diet. In a subsequent paper, these 
investigators reported that 2 weeks after 5/6 nephrec- 
tomy, the kidney IGF-1 content and the severity of 
inflammatory lesions were reduced with calorie 
restriction [58]. Altogether, these results suggest that 
IGF-1 expression could be involved in the tubulointer- 
stitial inflammatory response and controlled by a low 
energy intake. Of interest is the fact that proteinuria 
was also reduced by the low-calorie diet [58]. 

In a strain of mice (kKD/kD) developing an autoim- 
mune interstitial nephritis, Fernandes et al. showed 
that a low-protein diet alone did not reduce mice mor- 
tality as compared with a combined protein and calo- 
rie restriction which induced the largest survival in 
animals [59]. However, the suppression of immune 
disease may be a more important cause of reduced 
mortality than any alteration in kidney metabolism or 
physiology in this experiment. Since in patients, reduc- 
ing energy intake to a level that may induce malnutri- 
tion is not considered appropriate or justifiable, the 
relevance of these energy intake—reducing studies to 
clinical medical care may be quite limited. 

It should be emphasized that the effects of a low- 
protein diet in reducing proteinuria may impact on 
tubular atrophy and apoptosis [60]. Indeed, there is a 
toxic role of serum albumin on tubular cells in culture 
[61,62]. Two sets of experiments have highlighted the 
role of protein delivery to the tubule in increasing 
interstitial fibrosis [63] and tubule cell apoptosis [64]. 
Indeed, the dramatic increase in proteinuria following 
intraperitoneal bovine serum albumin is associated 
with a profound tubular apoptotic reaction. Thus since 
most experiments have shown that reducing protein 
intake is associated with a reduction in proteinuria 
[65], it is possible but not proven that a low-protein 
intake also reduces kidney apoptosis. 
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Dietary protein intake: Clinical studies 


In summary, there is a whole set of evidence from 
experimental research that high-protein loads are haz- 
ardous to the kidney, and that a large number of the 
physiopathological changes that occur secondary to 
reduced functioning kidney mass or kidney disease 
are corrected or, at most, improved by diets low in 
protein. However, these experiments use the extreme 
ends of dietary protein content, to identify these histo- 
logical and hemodynamic changes. For example, 
Neugarten et al. reported that the kidney injury and 
proteinuria of puromycin-treated rats improved with a 
diet providing 4% protein, as compared with a group 
of rats receiving a 50% protein diet [66]. How do these 
extremely different protein diets compare with clinical 
studies? How would humans respond to low-protein 
diets? What is the evidence for the nutritional safety of 
low-protein diets? Could it be possible to adhere to 
such diets for long periods of time? How to monitor 
compliance? These questions will now be addressed. 


Dietary protein intake: Clinical studies 


Protein requirements in normal individuals 


In the United States the daily average protein intake is 
about 90—110¢ in adult men and 65—70g in adult 
women, and 1.3 g/kg in most European countries. Protein 
intake tends to diminish by 15% by the age of 70 [67]. In 
women the mean protein intake is 30%—50% lower than 
in men for the same age [68] and is in accord with their 
40% lower muscle mass as compared with men [69]. Thus 
based on the FAO recommendations, most adults in occi- 
dental countries have protein intakes far above the recom- 
mended allowance, which currently is 0.75 g/kg/day [70]. 
Furthermore, it should be emphasized that the 0.75 g/kg 
body weight value is defined as the safety level, including 
two standard deviations above the average requirement 
obtained through individual metabolic balances, thus 
guarantying that at least 97.5% of subjects will attain neu- 
tral or positive nitrogen balance [70]. Fortunately, due to 
the Gaussian distribution of protein requirements, many 
normal individuals will be in neutral protein balance with 
a lower level of protein intake. This fact may partly 
explain why in maintenance dialysis, patients, some indi- 
viduals, present with nPNA (normalized protein nitrogen 
appearance) lower than recommended and show little or 
no signs of protein malnutrition. 

In patients with CKD, from the perspective of the 
nutritional needs to maintain healthy body composition, 
there is no need to increase or decrease these recom- 
mended dietary protein levels. Indeed, in stable adult 
patients, most nitrogen balance and protein turnover 
studies have confirmed these data (see later). In addition, 
it should be noted that during the progression of kidney 
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disease, spontaneous alterations in nutrient intake fre- 
quently occur, generally in the form of a reduction in 
both energy and protein intake [71—73]. Indeed, in an 
NHANES survey, it was reported that in patients with 
an estimated GFR between 30 and 60 mL/min, spontane- 
ous energy and protein intakes were 23.3+0.7 (sem) 
kcal/kg/day and 0.91 + 0.03 g protein/kg/day, and in 
patients with a GFR less than 30mL/min the values 
were 20.9 + 1.0 kcal/kg/day and 0.86 + 0.03 g protein/ 
kg/day [74]. These findings are of particular clinical 
importance, because when there is a deficient energy 
intake, the body cannot adjust as readily to a reduction 
in protein intake. Thus in the absence of a dietary control 
and care plan, patients with CKD will nutritionally do 
worse than if they were enrolled in an optimal low pro- 
tein and adequate energy intake diet [73,74]. 

In addition to this information, high-protein intakes 
have been shown to impair kidney function. Two large 
recent studies and one review have highlighted the dele- 
terious effect of high-protein intakes on the progression 
of kidney damage [75—77]. Finally, the NephroTest 
study, another large-scale French prospective cohort of 
stage 3 CKD patients followed for up to 3 years, showed 
a linear positive association between protein intake 
(assessed independently by both urinary nitrogen output 
and dietary intake) and the need to start maintenance 
dialysis. Patients eating 1.2 g protein/kg/day had a 30% 
increase in dialysis need compared with patients with a 
protein intake of 0.6 g/day [78]. It should be noted that 
these patients were in a daily life cohort without any die- 
tary advice or restriction. 


Metabolic effects of low-protein diets in human 


Metabolic adaptation to a reduction in protein 
intake 


Fig. 16.3 shows the metabolic adaptation that occurs 
when an ad libitum protein diet (1.1 g/kg/day) is chan- 
ged to a more limited protein intake (0.7 g/kg/day) in 
12 patients with moderate CKD without the nephrotic 
syndrome [79]. Using a whole-body amino acid tracer 
(i.e, 13C-leucine), the investigators reported a net 
decrease in leucine oxidation, which is considered to 
reflect the excess amino acid catabolism; these findings 
suggest a normal adaptation in protein metabolism, 
similar to that reported in healthy volunteers [80]. 
There was no change in patients’ body weight, serum 
albumin, or IGF-1 after the 3 months of this reduced 
protein intake, confirming the safety of this level of pro- 
tein intake (0.7 g/kg/day) in CKD [79]. Other studies 
have reported similar findings in CKD patients under- 
going different types of diet intervention but mostly 
with shorter studies. Goodship et al. studied six patients 
with moderate CKD during a short-term (1 week) 
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FIGURE 16.3 Total body leucine oxidation, a marker of protein 
metabolism, before and after ingestion of a low-protein diet for three 
months in 12 patients with moderate CKD (1.1g prot/kg/day in 
baseline vs 0.7 g/kg/day in LPD). The data demonstrate an adequate 
adaptation to a reduced protein intake (*p < 0.05 from baseline). 
Source: From Bernhard J, Beaufrere B, Laville M, Fouque D. Adaptive 
response to a low-protein diet in predialysis chronic renal failure patients. J 
Am Soc Nephrol 2001;12(6):1249-1254. 


regular (1 g protein/kg/day) or reduced (0.6 g protein/ 
kg/day) protein intake and with energy intakes of 
32.5 kcal/kg/day [81]. Fasting leucine oxidation did not 
significantly change with the low-protein intake, whereas 
postprandial leucine oxidation decreased by about 25% 
(P<.05). As in nephrotic patients without chronic kid- 
ney failure [82], these data show that patients with mild 
kidney insufficiency can adapt their protein metabolism 
during acute or chronic reductions in protein intake by 
reducing amino acid oxidation during both the postpran- 
dial and the fasting state. 

More restricted protein intakes have been shown to 
reduce amino acid oxidation by a greater magnitude. 
Masud et al. reported in six severe nondialysis CKD 
patients that a diet providing 0.35 g protein/kg/day sup- 
plemented with either ketoacids or essential amino acids 
for 25 days maintained neutral nitrogen balance and 
body composition [83]. These diets were associated with 
very low leucine oxidation rates that were not different 
whether patients were supplemented with ketoanalogs 
or essential amino acids [83]. In a long-term follow-up of 
these patients (16 months), the fasting leucine oxidation 
rate remained at the low level of 10.0 + 2.2 pmol/kg/h 
[84]. In response to a lower protein intake, these values 
for amino acid oxidation appear to be more reduced 
than was observed in studies with less restricted protein 


intakes [79,81], suggesting a potential “functional 
reserve” for protein sparing in CKD patients. 
Maroni and colleagues studied patients 


presenting with heavy proteinuria, for example, 
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greater than 6 g/day, and moderate CKD (GFR, about 
50 mL/min/1.73 mô. Using leucine turnover and 
nitrogen balance techniques, they showed that a reduc- 
tion from 1.85 to 1.00 g protein/kg/day in the patients 
induced adaptive protein conserving mechanisms that 
were similar to these of healthy volunteers and that 
the patients sustained positive nitrogen balance [85]. 
These results have been confirmed by Giordano et al. 
in seven patients with heavy proteinuria [82]; with a 
reduction in protein intake from 1.20 to 0.66 g/kg/day 
for 1 month, endogenous leucine flux decreased by 8% 
(P<.05), hepatic albumin synthesis decreased from 
18.2 to 14.9 g/1.73 m°? (P<.03) and serum albumin 
rose from 2.88 to 3.06 g/dL (P < .03). 

In a more recent set of experiments, Garibotto and 
colleagues reassessed protein metabolism at the tissue 
level by forearm arteriovenous phenylalanine turnover 
in stage 3—4 CKD patients. In two different studies, 
they underwent 6-week diets in a crossover design 
with either a normal diet (1.1 g protein/kg/day) or 
two different low-protein diets (0.55 and 0.45g pro- 
tein/kg/day supplemented with ketoacids). Nitrogen 
balance was fully maintained during the study 
through an adaptive reduction in amino acid oxidation 
during the two low-protein diets [86]. 


Effects of low-protein diets on proteinuria 


Since proteinuria has been clearly identified as an inde- 
pendent risk factor for the progression of kidney disease, 
it is relevant to examine the specific effects of low-protein 
diets on proteinuria. As discussed earlier, experimental 
studies almost unanimously report a reduction in protein- 
uria when animals are placed on a low-protein diet. In 
humans the acute 35% reduction in proteinuria observed 
by Rosenberg et al. [87] was confirmed during a longer 
duration of dietary therapy by Aparicio and coworkers 
[65]. These investigators reported a decrease in proteinuria 
from 3.2+1.2 to 1.8 + 1.1 g/day (P<.01) in 15 patients 
with advanced chronic kidney insufficiency after 6 
months of a very low-protein intake (0.3 g/kg/day) sup- 
plemented with ketoacids, whereas serum albumin 
increased concomitantly from 36.5+4.0 to 40.8+3.2 
(P < .01) (Fig. 16.4) [65]. 

In 12 proteinuric patients with CKD, Rosenberg and 
colleagues examined, in a random crossover design, 
the effects of a marked reduction in protein intake 
from 2 to 0.55g protein/kg/day for 11 days [87]. 
There was a 35% decrease in proteinuria from 7.0 +3 
to 4.7+2 g/day, an improved glomerular permselec- 
tivity as determined by dextran clearances and from a 
disproportionate reduction in IgG as compared to 
albumin clearance, whereas there was no change in 
GFR and renal plasma flow [87], there was a net 
decrease in plasma renin activity and plasma 
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FIGURE 16.4 The decrease in proteinuria (left 
panel, g/day) and the increase in serum albumin 
(right panel, g/1) during three and six months treat- 
ment with a very low protein diet (0.3 g/kg/day) 
in 15 patients with advanced chronic kidney dis- 
ease. Source: From Aparicio M, Bouchet JL, Gin H, et 
al. Effect of a low-protein diet on urinary albumin excre- 
tion in uremic patients. Nephron 1988 ;50(4):288-291. 
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aldosterone was also noted during the low-protein 
period, confirming experimental data. 

When Giordano et al. [82] changed seven patients 
with the nephrotic syndrome from a 1.2 to a 0.66 g pro- 
tein/kg/day protein diet, proteinuria decreased by 38%, 
and there was a linear relationship between the reduc- 
tion in proteinuria and the achieved reduction in protein 
intake, as has been previously noted by Kaysen and col- 
leagues [88]. It was proposed that a decrease in protein- 
uria is a stimulus for a reduction in albumin synthesis. 
Furthermore, fibrinogen synthesis rate also decreased by 
30% with LPDs, from 4.6 to 3.0 g/1.73 m*/day, P < .03; 
these synthesis rates, however, were still increased as 
compared with healthy volunteers (1.93 g/1.73 m’/day) 
[82]. The similar reductions in albumin and fibrinogen 
syntheses may be triggered by a common mechanism, 
presently unknown, but which is advantageously modu- 
lated by a low-protein intake. Thus not only do patients 
with CKD generally adapt to low-protein diets but also 
there seem to be further benefits of such low-protein 
diets by reducing proteinuria and its consequent meta- 
bolic disturbances in nephrotic states. In another study, 
Bellizi et al. [89] reported in 110 CKD patients the effects 
during 6 months of three different protein intakes, 1.04, 
0.78, and 0.54 g/kg BW/day, the last intake being sup- 
plemented with ketoanalogs. Proteinuria decreased sig- 
nificantly in the most restricted group, from 1.34 to 


0.87 g/day, whereas it was not affected in the more 
important protein intake groups [89]. 

It is well established that ACE inhibitors and ARBs 
(angiotensin receptor blockers) markedly reduce the 
degree of proteinuria in most kidney diseases. Of inter- 
est is the additional antiproteinuric effect of a low- 
protein diet in combination with these nephroprotective 
medications. Ruilope et al. first described this observa- 
tion in a short-term study involving 17 patients with 
mild CKD [90]. Enalapril, 20 mg/day, reduced protein- 
uria by about 20%; a 25% reduction in protein intake 
from 1 ¢/kg/day (estimated from urinary urea output) 
decreased proteinuria by 30%. However, the combina- 
tion of both interventions induced a 55% decrease in 
proteinuria; this latter reduction in proteinuria was sig- 
nificantly greater than each separate intervention [90]. 
Gansevoort and colleagues [91] confirmed these find- 
ings by studying, in a crossover design, 14 patients with 
modest kidney impairment and nephrotic range pro- 
teinuria. Enalapril, 10 mg/day, induced a reduction of 
proteinuria by 35%, whereas a 50% reduction in protein 
intake decreased proteinuria by 20%. Again, there was 
an additional effect of both treatments, with a 55%— 
60% decrease in proteinuria by enalapril and low- 
protein intake. Furthermore, as shown in Fig. 16.5, there 
was a linear relation between the reduction in both pro- 
tein intake and proteinuria [91]. A recent exhaustive 
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FIGURE 16.5 The linear relationship between the degree of 
reduction in dietary protein intake from baseline (1.0 to 1.5 g pro- 
tein/kg/day) and the concomitant reduction in daily proteinuria in 
14 nephrotic patients with normal to mild chronic kidney disease 
(r = 0.58, p <0.05). Close circle: patients receiving a LPD only; open 
circle: patients receiving a LPD in addition to angiotensin converting 
enzyme inhibitors. Source: Gansevoort RT, de Zeeuw D, de Jong PE. 
Additive antiproteinuric effect of ACE inhibition and a low-protein diet in 
human renal disease. Nephrol Dial Transpl 1995;10(4):497-504. 


review addressed the potential benefits of an LPD to 
those of ACEI/ARB-protective effects [92]. 


Effects of the nature of protein intake 


As previously discussed in experimental studies, the 
nature of protein, for example, from animal or vegetal 
source, may impact on the kidney response to the diet 
[49]. In humans, Kontessis et al. examined the effects of 
protein of different sources on glomerular dynamics in 
17 healthy volunteers. Although diets were not heavily 
restricted (intakes averaged about 1 g/kg BW/day), a 
decrease in GFR (—10%), in urinary albumin excretion 
(—50%), and IgG clearance (—35%) was observed after 3 
weeks of ingesting a vegetable protein as compared to a 
regular animal protein diet [93,94]. In another study of 
similar design, these investigators measured GFR in 
nine diabetic patients without severe kidney involve- 
ment [93]. Again, there was a 15% and 40% decrease in 
GFR and in microalbuminuria, respectively, with the 
vegetable protein as compared with the animal protein 
diet. Interestingly, a marked decrease (—20%) in serum 
IGF-1, a strong GFR regulatory hormone, was also 
observed with the vegetarian protein diet, thus suggest- 
ing that protein intake might regulate renal hemody- 
namics, at least in part, through IGF-1 levels. 

Another report from Brazil tested in 17 diabetic 
patients in a random crossover design, the effects of three 
different protein diets [95]. Patients had macro 
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albuminuria and normal kidney function. One 
diet included beef protein, 1.33 g/kg/day, the second diet 
was composed of 1.22 g protein/kg/day from chicken 
meat, and the third was a low-protein diet of 0.8 g/kg/ 
day from vegetable source. There was no change in GFR; 
macro albuminuria decreased from 313 g/min (beef) to 
269 (chicken) and 229 (vegetarian), P < .05. Lipid profile 
improved gradually as a consequence of a reduction in 
saturated fatty acid from red meat to low-protein diet. 
The authors attributed the reduction in macro albumin- 
uria to the vascular protective effect of the polyunsatu- 
rated fatty acid enrichment mainly found in the low- 
protein vegetable source diet [95]. 

More recent data from the CRIC study addressed the 
metabolic effects of an increase in plant food in stage 3 
CKD patients followed for 3 years. The lowest plant pro- 
tein quintile group did show a higher urinary phosphate 
output compared with the highest plant protein intake 
quintile, suggesting a reduced phosphate absorption 
from vegetal source, whereas the total protein intake was 
similar between groups [96]. However, based on a large 
data set analysis, the recent AND/KDOQI guideline did 
not recommend to choose plant versus animal protein as 
a source of nutrients [97]. 


Effect of low-protein diets on insulin resistance 


Abnormal insulin sensitivity and insulin resistance 
can be improved by a low-protein diet. Gin and collea- 
gues tested the effects of a very low-protein intake 
(0.3 g/kg BW/day) in 10 patients with nondiabetic 
advanced CKD (creatinine clearance: 15 mL/min) sup- 
plemented by ketoacids on serum glucose and insulin 
after an oral glucose test. Both serum glucose and insu- 
lin peaks were significantly reduced after 4 months of 
diet (Fig. 16.6), suggesting an improvement in insulin 
resistance [98]. In a subsequent study, these authors 
investigated eight patients (GFR: 13.2 + 2.8 mL/min/ 
1.73 m^) undergoing the same diet for 3 months [99]. 
Patients showed an improvement in fasting serum glu- 
cose from 5.0+0.1 to 4.7+0.1 mmol/L (P<.05), a 
decrease in fasting plasma insulin from 82.4 + 20.7 to 
48.8 + 8.0 pmol/L (P<.05). More importantly, using 
the gold standard euglycemic insulin clamp, these 
workers showed a decrease in endogenous glucose 
production by 66% for comparable plasma insulin 
levels. These data clearly indicate an improved sensi- 
bility to insulin in nondiabetic CKD patients [99]. 


Effect of low-protein diets on dyslipidemia 


As already mentioned, protein intake could be asso- 
ciated with different patterns of lipid intake. Mainly, 
meat intake brings saturated fatty acids (in pork, 
lamb, and beef), whereas white meat such as chicken or 
turkey bring less saturated fatty acids. Fish and 
vegetable proteins are mainly associated with 
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FIGURE 16.6 The effects of a reduction in protein intake during 
four months on plasma glucose and plasma insulin response (oral 
glucose test) in 10 non diabetic CKD patients. Protein intake was 
reduced from baseline (1.0 protein/kg/day) to 0.3 g protein/kg/day 
with ketoacids supplement. Baseline: close circle, low protein diet: 
open circle (p <0.05). Source: From Gin H, Aparicio M, Potaux L, de 
Precigout V, Bouchet JL, Aubertin J. Low protein and low phosphorus diet 
in patients with chronic renal failure: influence on glucose tolerance and tis- 
sue insulin sensitivity. Metabolism 1987,;36(11):1080-1085. 


unsaturated cardiovascular protective fatty acids. In 
addition, cooking meat frequently bring extra lipid 
source and sodium chloride. As a consequence, most 
reports show that reducing protein intake from animal 
source improves lipid intake and patients lipid profile. 
For example, Bernard et al. reported an improvement in 
the ratio apoAl/apoB (P<.03) in 11 stage 3 CKD 
patients after they were switched from 1.1 to 0.7 g pro- 
tein/kg/day during 3 months [100]. Bellizzi and cowor- 
kers reported a 24% and 18% decrease in serum total 
cholesterol and triglycerides respectively (P < .001), after 
6 months of a very low-protein intake, which seems 
close to the effect of a statin treatment [89]. 
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Effect of low-protein diets on phosphate, mineral, 
and bone disease 


The mineral and bone disease field has emerged as 
one of the most important during CKD, not only 
because of progressive bone frailty but also because of 
a partial responsibility in increased vascular calcifica- 
tions. Indeed, mortality from cardiovascular disease 
represents approximately 50% of the overall mortality 
at every stage of CKD, including the dialysis and 
transplant ones. Since hyperphosphatemia and hyper- 
parathyroidism are frequently observed even at early 
stages of CKD, improving serum phosphate has long 
been the goal of a targeted dietary counseling before 
dialysis. Finally, the discovery of fibroblast-growth fac- 
tor-(FGF)23, the key factor of phosphate metabolism, 
has reinforced the interest for research in this field. 

Phosphate is strongly linked to protein since 1-g 
protein brings approximately 13-mg phosphate. Not 
all phosphate is absorbed by the gut, only 40%—80%, 
and this may be influenced by the fiber content of the 
diet, (i.e., phosphate from vegetarian source will be 
less absorbed than from animal source). By contrast, 
calcitriol will increase the fractional rate of gut phos- 
phate absorption. Serum phosphate will also be influ- 
enced by kidney tubular excretion and bone 
metabolism. The different responses of phosphate 
metabolism during the progression of kidney disease 
have been highlighted in a recent work of Isakova and 
colleagues who notably showed that serum FGF-23 
increases long before the rise in serum PTH (parathy- 
roid hormone). Thus the primary response to the oral 
phosphate intake is an increase in serum FGF-23 to 
maintain a sufficient tubular phosphate excretion, for 
example, when GFR is about 80—60 mL/min. In addi- 
tion, FGF-23 blunts the activity of the 1-a hydroxylase, 
blocking the synthesis of calcitriol in the proximal 
tubule and, therefore, reducing gut phosphate absorp- 
tion. For yet unexplained reasons, during progressive 
CKD, FGF-23 fails to maintain normal serum phos- 
phate and when GFR is about 50 mL/min, serum PTH 
starts to rise, which, in turn, compensates kidney phos- 
phate excretion. Finally, when GFR drops below 
35 mL/min, serum phosphate increases and there is no 
further efficient metabolic adaptation to this rise. 

Why are these changes important to be highlighted 
in this section? First, in addition to the phosphocalcic 
abnormalities, it has been recently reported that ele- 
vated FGF-23 by itself may be independently linked to 
a reduced survival in healthy adults and CKD 
patients as well [101—103]. Second, the only way 
yet identified to improve serum FGF-23 is the reduc- 
tion in phosphate intake, for example, protein intake. 
Indeed, in healthy adults, it has been reported that 
FGF-23 expression can be directly regulated by dietary 
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phosphate. When adults received a daily oral load of 
1-g phosphate for 5 days, serum FGF-23 increased by 
30%, whereas serum PTH did not change. In response 
to the increased FGF-23, there was an increase in uri- 
nary phosphate excretion and a decrease in serum cal- 
citriol, effectively counteracting the increase in dietary 
phosphate load [104]. Restricting dietary phosphate 
can also improve serum FGF-23: after 5 days of taking 
an oral phosphate binder, intestinal phosphate absorp- 
tion decreased and urinary phosphorus excretion fell. 
Likewise, reducing the phosphate intake of 13 healthy 
men from 1500 to 625 mg/day induced a 30% decrease 
in serum FGF-23, suggesting that phosphate intake 
exerts a direct effect on FGF-23 expression [104]. 

Moe et al. studied in a random crossover design in 
nine stage 3 CKD patients the effects of two different 
diets with the same phosphate content, for example, 
800 mg/day, one from animal source and the other 
from vegetarian source during 1 week [105]. They 
observed during the vegetarian diet phase the known 
reduction in urinary phosphate excretion and serum 
phosphate, in response to the reduced gut absorption 
of phosphate bound to vegetal fibers. More interest- 
ingly, they showed for the first time a significant 28% 
reduction in serum FGF-23 during the vegetarian cycle 
as compared with the animal protein phase during 
which FGF-23 increased by 40% (P <.01) [105]. 

These data emphasize why it is mandatory to 
monitor the dietary habits of CKD patients. 
Controlling serum phosphate below 1.4 mmol/L 
must include a phosphate-restricted diet. The daily 
amount of phosphate should be 800 mg, a level that 
allows enough dietary variety while protecting from 
excessive accumulation of phosphate. If dietary pro- 
teins are not controlled, even major increase in hor- 
mones controlling serum phosphate (PTH and FGF- 
23) will not be able to control the development of 
hyperphosphatemia. 


Effect of low-protein diets on acidosis, anemia, and 
blood pressure 


There are subsequent indirect beneficial effects of a 
reduction in protein intake during CKD on metabolic 
acidosis, hemoglobin status, and blood pressure con- 
trol. Indeed, Chauveau et al. showed that there is an 
inverse relationship between protein intake and serum 
bicarbonate in a cross-sectional survey of more than 
7000 hemodialysis patients [106]. In 10 stage 5 CKD 
patients receiving a supplemented very low-protein 
diet (VLPD) during 12 months, the same investigators 
showed an increase in serum bicarbonate from 24.2 to 
26.5 mmol/L, P<.05 [107]. From the MDRD study, 
Mitch and Remuzzi also estimated that a reduction in 
0.20 g protein/kg/day significantly increased serum 
bicarbonate (P<.05) [108]. These changes mainly 
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pertain to the acidotic nature of animal protein, which 
was long identified by Claude Bernard in the late 
1800s. Moving to vegetal protein will induce alkalotic 
urine, as observed in the majority of ruminant species. 
In light of recent De Brito’s English trial, which con- 
vincingly demonstrated improvement in patients body 
composition and slowing of kidney disease progres- 
sion after administering oral sodium bicarbonate [109], 
it may be also metabolically worth reducing animal 
proteins to increase serum bicarbonate. 

Anemia control maybe improved while reducing 
protein intake. Indeed, Di Iorio et al. observed an 
improvement in hemoglobin levels in a random trial in 
20 MHD patients receiving either a low-protein intake 
or a VLPD supplemented with ketoacids [110]. In the 
VLPD group, serum hemoglobin remained stable and 
erythropoietin dose could be decreased by approxi- 
mately 35% during the 2-year duration of the trial. 
These investigators revealed a strong and inverse rela- 
tionship between the change in patients’ hemoglobin 
levels and serum parathormone, which is not unex- 
pected since parathormone is responsible for a well- 
described resistance to the EPO (erythropoietin) effects 
on bone marrow. Improvement in parathormone was 
the consequence of the reduction of the dietary phos- 
phate load and possibly to the calcium intake associated 
with the ketoacids. VLPDs should, therefore, be cred- 
ited for these beneficial effects, although they could be 
considered as indirect. 

Finally another dietary change that can be viewed 
positive is the fact that lowering animal protein will 
also reduce sodium intake, since most culinary habits 
do add salt while cooking meat. In the ERIKA study, a 
6-month trial comparing three different levels of pro- 
tein intake in [110] stage 4—5 CKD patients, Bellizzi 
et al. showed a positive relationship between 24-hour 
urinary sodium and urinary urea excretion, indicating 
that patients who ate less proteins had the most impor- 
tant reduction in sodium intake, and a better reduction 
in blood pressure [89]. As a consequence, patients will 
improve their blood pressure control and reduce their 
daily pill burden. 


Nutritional safety of restricting protein intake 


The question of whether LPDs are safe has been a 
subject of some controversy [111] and has been exam- 
ined by estimating the nutritional status and survival 
of patients who received reduced protein intakes for 
years. Chauveau et al. [107] reported regional body 
composition measured by DEXA (dual x-ray absorpti- 
ometry) and nutritional status in 10 patients receiving 
a VLPD (0.3g protein/kg/day supplemented with 
amino acids and ketoanalogs) for 1 year. There was no 
change in anthropometric measures and serum bio- 
chemistry during the 1-year follow-up [107]. DEXA 
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analyses revealed a decrease in lean body mass during 
the first 3 months following the reduction in protein 
intake that was not fully corrected to baseline at 1 year 
(baseline: 46.2 kg; 1 year: 45.1 kg). Body fat mass 
increased slightly at 3 months and 1 year (baseline: 
20.1 kg; 1 year: 21.4kg, P<.01). Interestingly, there 
seemed to be a redistribution of lean body mass in 
favor of an increase in lean truncal mass, which was 
sustained during the 1 year of follow-up [107]. It 
should be mentioned that during this trial, energy 
intake was 27.8 + 7.6 at baseline, 31.0 + 8.1 at 3 months, 
and 29.8 + 8.8 kcal/kg/day at 1 year. Thus the altera- 
tions observed after 3 months of a very low-protein 
intake spontaneously improved over time, became of 
no clinical importance after 1 year of follow-up, and 
occurred in association with the benefits observed with 
regard to insulin resistance, bone metabolism, and 
reduction in uremic symptoms [107]. Long-term low- 
protein interventions have also been reported to be 
safe by other investigators [112—116]. In the MDRD 
study, body weight and composition were assessed 
every 3 months during the 2.2-year mean follow-up 
period [116]. The actual reductions in protein intake 
were less than expected (actual vs prescribed: 0.71 vs 
0.58 and 1.11 vs 1.3¢/kg BW/day, respectively, in 
Study A; 0.48 vs 0.28 and 0.72 vs 0.58 g/kg BW/day, 
respectively, in Study B). Furthermore, energy intake 
was low despite intensive counseling (range: 
22.5—26.7 kcal/kg/day among different subgroups). 
Despite these values, overall clinical and biological 
surveys, as well as end point recording did not show 
evidence for nutritional impairment during a follow- 
up period of 2—3 years [116]. Fig. 16.7 shows that 
serum albumin levels increased slightly in all groups 
from baseline, but this increase was greater in the low- 
protein diet group as compared with the control group 
in Study A (Fig. 16.7, top, solid line). The decrease in 
serum transferrin during the study is somewhat diffi- 
cult to interpret, because iron stores and the presence 
of inflammation were not monitored. Finally, although 
statistically significant, these changes in body composi- 
tion may not be of clinical importance (—2 to 0 kg for 
body weight and —0.5 to +0.5% for body fat mass 
over 3 years). They underscore the importance for the 
physician to ensure that there is adequate nutritional 
monitoring and, where indicated, nutritional interven- 
tion in these patients (Table 16.1). Importantly, no 
patient had to withdraw from the MDRD study 
because of impaired nutritional status. 

The recent AND-KDOQI guideline assessed the 
nutritional safety of low-protein diets and concluded 
that neither low-protein diets nor supplemented VLPDs 
have been associated with impairment in nutritional 
status assessed by anthropometry, subjective global 
assessment, or serum albumin [97]. There was only 1 
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FIGURE 16.7 Mean changes in serum albumin from the end of 
Baseline in Study A (top) and Study B (bottom) patients during the 
course of the Modification of Diet in Renal Disease Study. From 
Kopple et al. (116) with permission. Source: From Kopple JD, Levey 
AS, Greene T, et al. Effect of dietary protein restriction on nutritional sta- 
tus in the Modification of Diet in Renal Disease Study. Kidney Int 1997;52 
(3):778-791. 


TABLE 16.1 Estimation of dietary protein intake (DPI) in a 
stable noncatabolic 70 kg adult patient undertaking a 0.6 g protein/ 
kg/day diet, based on a daily urinary nitrogen appearance. 


UNA = 4.8 g/day 
DPI = 7.25 UNA + 10.9 = 45.7 g/day 
DPI/kg = 45.7/70 = 0.65 g/kg 


Compliance to the diet, for example, an upper actual protein intake no greater 
than 20% above prescribed intake, is considered acceptable if this patient 
presents a UNA no greater than 5.5 g/day. 

From Kopple J.D., Gao Z.L., Quing .D.P., Kidney Int 1997;52:486—94. 


study among 26 randomized controlled trials that 
reported a significant loss in body weight (lean and fat 
mass) [112]. Nutritional status was also assessed by 
Hahn et al. in a recent Cochrane systematic review (see 
later) in which weights were available in more than 500 
patients, and it was concluded that no significant 
change in body weight occurred during a follow-up of 
12—50 months [1]. 

What is the long-term consequence of low-protein 
diets on survival after dialysis therapy is started? 
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Walser et al. demonstrated that patients ingesting a 
VLPD who were carefully followed before they com- 
menced dialysis treatments could postpone dialysis for 
many months, even with very low GFRs, before clinical 
symptoms occurred [117,118]. Aparicio and colleagues 
reported encouraging outcomes in 165 maintenance 
dialysis patients who were treated with VLPDs before 
they developed end-stage kidney disease [115]. 
Chauveau et al. more recently reevaluated 203 patients 
long-term survival after they started maintenance dialy- 
sis or received a kidney transplant [119,120]. Analyzing 
these patients with an unbroken follow-up during 10 
years after the start of replacement therapy, these 
authors clearly showed that patients who received an 
SVLPD (supplemented very low protein diet) before 
ESRD (end stage renal disease) had a survival as good 
as patients without specific diet as reported in the 
French Dialysis registry, for example, 79% at 5 years 
and 63% at 10 years [120]. Their results stand in contrast 
with those of Menon et al. who reanalyzed the late 
patients’ survival of the supplemented VLPD subgroup 
of the MDRD study [121]. Although patients who 
received the SVLPD had a poor survival 7 years after 
the termination of the MDRD study, there was no clini- 
cal or biological information on patients to document 
survival during those 7 years and it is difficult to 
incriminate 30 months of well-followed dietary inter- 
vention versus 80 months of virtually unknown follow- 
up [119]. 


Clinical evidence of the effects of low-protein 
diets 


For many years, it has been proposed that patients 
with advanced kidney disease should reduce their pro- 
tein intake to decrease uremic symptoms. In the mid- 
1970s, since a number of experimental studies reported 
beneficial effects of low-protein intakes on kidney 
function, it was proposed to test this hypothesis in 
humans. Before analyzing in detail these studies, some 
general remarks should be made. First, as discussed 
earlier, most animal research studies were performed 
using extremely high or low levels of dietary protein 
(e.g., unphysiological or very large differences in die- 
tary protein content between groups), to identify 
mechanisms and explain therapeutic effects. Second, in 
many experiments, substantial numbers of animals 
died without analysis of the potential role of the diet 
in these deaths. Only data from the survivors were 
analyzed, a fact that would not apply to human 
research. Third, most laboratory research is short-term, 
in animals that do not have other chronic diseases, by 
contrast with many patients presenting with CKD. 
Thus the issue of low-protein diets in CKD patients 
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may differ from experimental studies. Indeed, as com- 
pared with experimental research, there are specific 
caveats to clinical research, such as the variability of 
outcome, the issue of treatment compliance and medi- 
cation effects, and, eventually, the phenotype of the 
population studied. These factors are among reasons 
why such large numbers of patients are required to 
test a single hypothesis in a clinical trial. 


Clinical trials and cohorts 


A recent prospective observational study in France 
followed more than 1400 CKD stage 3—4 patients over 
3 years [78]. No specific dietary counseling or nutri- 
tional target was provided. The number of patients 
starting maintenance dialysis was inversely related to 
the daily protein intake which was reliably assessed by 
both dietary reports and urinary nitrogen output. 
Patients with an average protein intake of 0.6 g/kg/d 
had a 25% lower dialysis need compared with those 
ingesting 1.2 ¢/kg/day [78] (Fig. 16.8). 

More than 55 prospective clinical trials have 
assessed the effects of low-protein diets in humans 
with kidney disease. These studies have been analyzed 
in a recently updated review [1]. However, in many of 
these trials, the methodological quality was judged to 
be poor, based on uncontrolled design, nonrandom 
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FIGURE 16.8 The inverse relationship between daily protein 
intake estimated by urinary nitrogen output and the hazard ratio for 
starting maintenance dialysis in the NephroTest prospective cohort. 
Source: From Metzger M, Yuan WL, Haymann JP, et al. Association of a 
low-protein diet with slower progression of CKD. Kidney Int Rep 2018;3 
(1):105—-14. 
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allocation of diets, or the use of retrospective analyses. 
Furthermore, many of these reports, undertaken in the 
early 1970s, did not use an adequate marker of renal 
function to assess the effect of the diet intervention, 
particularly since the serum creatinine or its deriva- 
tives (creatinine clearance, 1/serum creatinine) are 
strongly influenced by the primary intervention, for 
example, reducing protein intake (see earlier). Since 
contradictory results were often reported, we only 
reviewed the largest trials of high methodological 
quality, that is, those large prospective, controlled 
trials with a random allocation of diet intervention. 

The Northern Italian Cooperative Study Group, in 1991, 
reported the results of a large randomized controlled study 
in 456 patients with a GFR lower than 60 mL/min, who 
were followed for 2 years [122]. Patients either received a 
control protein intake of 1g/kg/day or a low-protein 
intake providing 0.6 g/kg/day, both diets provided an 
energy intake of at least 30 kcal/kg/day. The main out- 
come criterion was the renal survival defined as the start of 
dialysis therapy or the doubling of serum creatinine during 
the trial. Dietary protein intake was serially monitored by 
urinary urea output in a random sample of patients. 
Actual protein intakes were, however, poorly different 
since the control group did eat 0.90 g protein/kg/day and 
the low-protein group 0.78 g/kg/day, and there was a 
large overlap between individuals from both groups 
(underlining the necessity for intensive dietary counseling 
and monitoring). There was only a borderline significant 
difference between control and restricted protein groups 
with slightly less patients in the latter group reaching a 
renal end point (P = .059). 

The MDRD study was the largest clinical study yet 
performed to test the effects of low-protein intake and 
strict blood pressure control on the progression of kid- 
ney disease in more than 800 patients [71,123—130]. 


Usual Protein 
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Two groups of patients were studied, one with mod- 
erate kidney dysfunction (Study A, GFR: 25—55 mL/ 
min/1.73 m?) and the second with a more advanced 
kidney dysfunction (Study B, GFR: 13—24 mL/min/ 
1.73 m°). The patients were randomized to receive 1 g 
protein/kg/day or more versus 0.6 g/kg/day and to 
reach a mean blood pressure of 105 or 92 mmHg in 
group A, and 0.6 g protein/kg/day versus 0.3 g/kg/ 
day plus a ketoacid supplement and comparable 
blood pressure goals in group B. The primary objec- 
tive was the effect of both interventions, in a Latin 
square design and intention-to-treat analysis, on the 
progression of kidney disease. This was estimated by 
the changes in 125]-iothalamate clearance measured 
every 4 months over more than 2 years. The mean 
patient follow-up was 2.2 years [126]. Actual protein 
intakes were 1.11 +0.19 versus 0.73 + 0.15 g protein/ 
kg/day in group A (n=585), and 0.69 +0.12 versus 
0.46+0.15g protein/kg/day in group B (m= 255). 
The overall results appeared at first glance somewhat 
disappointing. There was no difference between the 
groups with regard to the decline in GFR in Study A. 
In Study B, there was a borderline significantly 
greater rate of decline in GFR in the group prescribed 
the 0.6g protein/kg/day diet versus the ketoacid 
supplemented diet (P = .07). 

These raw results require several comments. First, 
as shown in Fig. 16.9, during the first 4 months of diet 
intervention in Study A, there was a sharp initial 
decrease in GFR in the group with the more restricted 
protein intake (mean DPI, 0.73 g/kg/day). This was 
followed by a slower linear decrease than occurred 
with the larger protein intake (mean DPI, 1.11 g/kg/ 
day). This initial 4-month decrease in GFR with the 
lower DPI is now considered to be the consequence of 
the reduction in glomerular hemodynamics that 


FIGURE 16.9 The GFR decline during the course of 
the Modification of Diet in Renal Disease Study (Study 
A) with separate analyses including or not the first 
4-month adaptation period. GFR, Glomerular filtration 
rate. Source: From Levey AS, Greene T, Beck GJ, et al. 
Dietary protein restriction and the progression of chronic 
renal disease: what have all of the results of the MDRD study 
shown? Modification of Diet in Renal Disease Study group. J 
Am Soc Nephrol 1999;10(11):2426—39 with permission. 
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follows protein restriction [28]. Arguably, in retrospect, 
there should have been a run-in period that included 
the first several weeks of dietary protein treatment 
before the key GFR outcome data began to be col- 
lected. If this had been done, the follow-up period of 
the study, for example, from 4 months after the start 
until 3 years, the slope of GFR decrease, which was 
significantly lower in the more restricted protein group 
(Fig. 16.9, P = .009) [130], would have indicated a bene- 
ficial effect of dietary protein restriction in reducing 
the rate of decrease in GFR. Second, unexpectedly, the 
actual rate of progression of kidney failure was lower 
than expected when the study was designed (i.e., in 
Study A, the reduction in GFR was 3.8 vs 6 mL/min/ 
year) [124]. This had a major negative impact on the 
ability of this study to demonstrate statistical differ- 
ences. An additional 3-month period of follow-up 
would have been necessary to correct for this reduc- 
tion in GFR decline. Thus it is tempting to classify this 
large clinical trial as inconclusive rather than negative. 
In addition, when patients were followed in an open 
fashion after the end of the study and up to 44 months 
of diet, the difference in cumulative incidence of ESRD 
or death reached borderline significance in the patients 
who were assigned to the lower protein diet (P = .056, 
Fig. 16.10). It should be remembered that in the large 
diabetes DCCT trial for strict blood glucose control 
and its effects of kidney impairment, no effect was 
detected at 2 years, and the suppressive effect of strict 
glucose control on the development of microalbumi- 
nuria or proteinuria was only observed after 4 years of 
treatment [131]. 

Although not definitive, correlational analyses may 
give further insights into the efficacy of dietary interven- 
tion, particularly when a flawed design, such as an 
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FIGURE 16.10 Occurrence of renal failure or death in Study A of 
the Modification of Diet in Renal Disease Study, including a 10- 
month additional follow-up after completion of the study (P = .056 
between the two levels of protein intake). Source: From Levey AS, 
Greene T, Beck GJ, et al. Dietary protein restriction and the progression of 
chronic renal disease: what have all of the results of the MDRD study 
shown? Modification of Diet in Renal Disease Study group. J Am Soc 
Nephrol 1999;10(11):2426—39 with permission. 
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observation period of inadequate duration, hampers the 
interpretation of the main outcome measure. First, when 
patients were analyzed with regard to their actual protein 
intake, as estimated through either diet interviews and 
diaries or urea nitrogen appearance, and independently 
of the group to which they were randomized, a strong 
relation was found between the magnitude of protein 
intake and the GFR slope (P = .011) or renal death (e.g., 
risk of death or ESRD) (P = .001) [130]. Indeed, for Study 
B, a regression model estimated that for every reduction 
in 0.2 g protein/kg/day, there was a 1.15 mL/min/year 
reduction in GFR decline and a 49% reduction in the inci- 
dence of renal death [130]. There was no additional effect 
of ketoanalog supplements on retardation of progression 
of renal failure. This finding contradicts a previous obser- 
vation made in the MDRD Feasibility Study in which a 
trend for a protective effect (P = .06) of ketoacids was 
observed [129]. These latter authors suggested that the 
different ketoanalog composition used in the MDRD 
Study B, and particularly the greater tryptophan content, 
may account for the lack of effectiveness of the ketoacids 
in the MDRD study [129,132]. 

A comparable analysis in Study A showed a more mod- 
erate impact of protein restriction with a 0.32 mL/min/ 
year slower GFR decline per each 0.2 g protein/kg/day 
reduction (P = .075). Thus these secondary analyses of the 
MDRD study tend to support a moderate beneficial effect 
of reduced protein intakes in patients with CKD; these 
effects were related, in a gradient fashion, to a reduction in 
the protein intake rather than to a well-identified degree of 
protein restriction that was necessary to slow progression. 
There was no apparent effect of either protein intake or 
blood pressure control in patients with polycystic kidney 
disease. Since these individuals constituted 25% of the total 
patients in the MDRD study, this fact also contributed to 
the ambiguous results of the MDRD study [133]. 

More recently, Garneata et al. [134] reported an ele- 
gant randomized controlled trial in 207 stage 4 CKD 
patients, with a GFR of 18+3 mL/min, treated dur- 
ing 15 months. There was a two-steps selection of 
patients, one to identify those patients who would be 
able to comply with a protein restriction (782 among 
1413 patients), and then a 3-month run-in period with 
a vegetarian diet test. After this test diet, only 207 
patients qualified to enter the study and were ran- 
domized to receive a diet of 0.6g protein/kg/day 
(control arm) or a 0.3 g protein/kg/day supplemen- 
ted with a mixture of amino acids and ketoacids 
(0.125 g/kg/day) (intervention group). Energy intake 
was reported to be 30 kcal/kg/day during the entire 
study in both arms. It is important to note that after 
randomization, there was a 3-month initial adaptation 
period after which all measures started to be recorded 
for a further 12-month assessment time. This point is 
of major importance to allow the body to adapt to the 
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hemodynamic and nutritional changes that occur 
after changing the protein intake. This aspect was not 
considered during the MDRD study (Fig. 16.9) and 
was primarily responsible for the 128 negative results 
published in the initial MDRD study report [126]. 

The study showed a beneficial effect of a very low 
vegetarian supplemented protein intake (VLPD) with 
13% of patients reaching the end point (dialysis initia- 
tion or a >50% reduction in GFR) versus 42% in the 
LPD group (P<.001). Dialysis initiation alone was 
reported in 11% (VLPD) versus 30% (LPD), (P < .01). 
The prescription of nephroprotective medications 
(ACEI and ARB) was similar (approximately 70%) in 
both groups during the entire study. A detailed nutri- 
tional assessment did not report any difference in sub- 
jective global assessment, body mass index, 
anthropometry measures, serum albumin, and potas- 
sium. Acid—base metabolism was improved since 
serum bicarbonate rose from 16.7 to 22.9mmol/L 
(P <.01) and bicarbonate supplements were noticeably 
reduced (P<.01) in the VLPD group as compared 
with the LPD group. Serum calcium and phosphate 
were also better maintained in the VLPD group during 
the entire study. Only 3% of patients left the study in 
equilibrium between groups. 


Metaanalyses 


Metaanalysis is a comprehensive method aimed at 
searching, selecting, and analyzing appropriately 
designed clinical trials to increase the number of 
patients or observations and improve the power of sta- 
tistical analysis [e.g., by reducing the confidence inter- 
val (CD] [1,135,136]. To date, metaanalyses are 
considered to be second in validity of the evidence it 
provides, immediately behind the evidence provided 
by large randomized trials (considered to be level one), 
and equal to small randomized trials [137]. Three 
metaanalyses have been performed on low-protein 
diets [1,138—140]. These reports have searched the lit- 
erature by different ways to ensure the most exhaus- 
tive collection of trials, including international 
databases in non-English languages. The most rigorous 
criteria for selecting or rejecting papers for analysis 
include consideration of randomized controlled trials 
only, since it is generally believed that nonrandomized 
controlled trials are more likely to give biased results 
than their randomized counterparts [140]. 

In an attempt to examine the impact of low-protein 
diets on loss of GFR, Kasiske and associates summa- 
rized a total of 24 controlled clinical trials, of which 13 
were randomized [140]. The main outcome was the loss 
of GFR over time (mL/min/year) in groups receiving 
or not a low-protein diet. A total of 2248 patients were 
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collected from which 1919 were enrolled in randomized 
studies. GFR loss was lower by 0.53 mL/min/year (95% 
CI, 0.08—0.98) in the lower protein intake group 
(P < .05). 

Based on this background, we identified 17 random- 
ized controlled trials, including 2996 patients suitable for 
analysis, among 133 reports of clinical trials assessing 
the effects of low-protein diets for the treatment of 
patients with chronic kidney insufficiency [1]. Gender 
and the nature of kidney disease were equally distrib- 
uted in control and more restricted groups; thus these 
avoiding well-identified independent causes for more 
rapid progression of kidney disease would not influence 
the results. 

In the low-protein intake subanalysis, there were 904 
patients with a low-protein intake (0.5—0.6 g protein/ 
kg/day) and 910 individuals with a normal protein 
intake. In the low-protein diet group, 130 dialysis starts 
were found, while 131 in the larger protein intake 
group, giving a nonsignificant odds ratio of 1.05, CI 
0.73—1.53 (P = NS). In the very low-protein intake suba- 
nalysis, there were 508 patients with a very low-protein 
intake (0.3—0.4 g protein/kg/day) and 502 individuals 
with a low-normal protein intake (Fig. 16.11). In the 
VLPD group, 158 dialysis treatments were found, while 
230 in the larger protein intake group, giving an odds 
ratio of 0.64, CI 0.49—0.85 (P = .0019, Fig. 16.11). This 
indicates that a very low protein diet resulted in a 36% 
reduction for starting dialysis as compared with larger 
or unlimited protein intakes [1]. It also suggests that a 
moderately reduced protein intake may not be protec- 
tive enough and a better metabolic control may be 
obtained by a very low protein diet, thus postponing 
the need for dialysis. Interestingly, it should be noted 
that the nutritional status of patients was also assessed. 
Body weight changes were pooled as well as protein 
energy wasting and no signs of weight loss (n = 514 
patients) or declared protein energy wasting (n = 2373 
patients) were reported in patients whose nutritional 
data were available [1]. 

In patients with diabetes and kidney disease (DKD), 
the situation is less clear. Previous guidelines recom- 
mended a protein intake of 0.8 g/kg body weight/day 
in patients with CKD stages 1—5. However, the 
KDIGO guidelines suggested more liberalization with 
protein restriction and recommended that 0.8 g/kg 
body weight/day be maintained and avoiding levels 
above 1.3 g/kg/body weight. Ko et al. conducted an 
extensive review of existing guidelines and original 
research in patients with DKD and indicated that a 
dietary protein intake of 0.8 g/kg body weight/day 
was advised for DKD not on dialysis [141]. However, 
due to the fact that uremic toxins accumulate in DKD 
patients as well and may increase insulin resistance, 
and these patients do not have increased protein 


II. Nutrition and slowing of progressive chronic kidney disease 


266 16. Dietary interventions to slow the progression of chronic kidney disease and improve metabolic control of uremia 


Low-normal 


Study or subgroup Very low protein diet protein diet Risk Ratio Weight Risk Ratio 
M- M- 
H Random, 95% H,Random,95% 
n/N n/N a CI 
Mircescu 2007 127 7/26 a 18% 0.14 [ 0.02, 1.04 
Ihle 1989 231 9/33 3.2% 0.24 [ 0.06, 1.01 
Di lorio 2003 2/10 7/10 — 38 % 0.29 [ 0.08, 1.05 
MDRD Feasibility Study B 1989 6/22 4/23 7 ic 49% 157 [ 051, 4.82 
Chauveau 1986 5/8 79 s j 10.5% 080 [ 0.42, 1.52 
Garneata 2013 11/104 31/103 Bai 10.7% 0.35 [ 0.19, 0.66 
Rosman Study 2 1984 15/56 21/41 -ai 128 % 0.52 [ 0.31, 0.88 
Malvy 1999 1125 17/725 aá | 13.0 % 0.65 [ 0.39, 1.09 
MDRD Study 2 1989 44/126 50/129 i 18.0% 0.90 [ 0.65, 1.24] 
Anonymous Study 2 1990 61/99 77/103 s 213% 082 [ 0.68, 1.00 
Total (95% CI) 508 502 > 100.0 % 0.64 [ 0.49, 0.85 ] 
Total events: 158 (Very low protein diet), 230 (Low-normal protein diet) 
Heterogeneity: Tau? = 0.09; Chi? = 20.27, df = 9 (P = 0.02); P =56% 
Test for overall effect: Z = 3.10 (P = 0.0019) 
Test for subgroup differences: Not applicable 
00! 0.1 10 100 
Less with VLP det Less with low-normal det 


FIGURE 16.11 A systematic review of the results from randomized controlled studies of the influence of very low protein diets in delay- 
ing the start of maintenance dialysis. A square denotes the odds ratio (treatment/control) for starting dialysis for each trial, and the diamond 
indicates the combined results of all trials; 95% CIs are represented by horizontal lines. Studies included a very low-protein intake (0.3—0.4 g 
protein/kg/day) compared to a greater amount of dietary protein (0.5—0.6 g protein/kg/day or a free diet). Overall, the “common” odds 
ratio = 0.64 (95% CI: 0.49, 0.85), P = .0019. CI, Confidence interval. Source: From Hahn D, Hodson EM, Fouque D. Low protein diets for non-diabetic 
adults with chronic kidney disease. Cochrane Database Syst Rev 2018;10:CD001892 with permission. 


BOX 16.1 


AND-KDOQI energy and protein requirements [97] 


Energy intake In adults with CKD 1—5D (1C) who are œ a low-protein diet providing 0.55—0.60 g dietary 
metabolically stable, we recommend prescribing an protein/kg ideal body weight/day, OR; 
energy intake of 25—35 kcal/kg/day based on age, gen- a VLPD providing 0.28—0.43 g dietary protein/kg 
der, level of physical activity, body composition, weight ideal body weight/day with additional ketoacid/ 
status goals, KD stage, and concurrent illness or the amino acid analogs to meet protein requirements 


presence of inflammation to maintain normal nutritional (0.55—0.60 g/kg body weight/day). 
status. 

Protein restriction, nondialysis, nondiabetic. In adults with 
CKD 3-5 who are metabolically stable, we recommend, 
under close clinical supervision, protein restriction with or 
without ketoacid analogs, to reduce risk for ESRD/death 
(1A) and improve QoL (quality of life) (2C). 


Protein restriction, nondialysis, diabetic. In the adult 
with CKD 3—5 and who have diabetes, it is reasonable 
to prescribe, under close clinical supervision, a dietary 
protein intake of 0.6—0.8 g/kg ideal body weight per 
day to maintain a stable nutritional status and optimize 
glycemic control (OPINION). 


needs, the recent AND-KDOQI guideline advised fora It theoretically represents the number of patients that 
protein intake of 0.6—0.8 ¢/kg/day [97] (Box 16.1). must be treated by a given intervention to avoid one 

Finally, the number needed to treat (NNT), a meth- extra death or a prespecified event per year. From the 
odological tool, is routinely used to compare the effi- | previous metaanalysis data [138], NNT conferred by a 
cacy of a given treatment in different studies [142]. low-protein intervention stands between 2 and 56, 
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depending on the study. For example, NNT was esti- 
mated to be 4 in the most recent Garneata study [143], 
a very low number that favorably compares with the 
well-accepted mortality reduction obtained by statins 
in the 4S trial (NNT=30) and WOSCOPS study 
(NNT = 111) [144]. This analysis gives further support 
to the thesis that dietary protein restriction is an effec- 
tive therapeutic intervention. 


Conclusion 


Many experimental studies provide evidence for the 
beneficial effects of low-protein intakes. These benefits 
include reduction in uremic toxicity, healthier nutri- 
tional status, particularly if energy intake is well main- 
tained, reduced proteinuria and slowing of the loss of 
kidney function and finally delay the need for kidney 
replacement therapy. These results have been observed 
with a fairly good level of evidence in large clinical 
trials, systematic reviews, and guidelines, all recently 
updated [1,97,134,145]. Such low-protein diets, of 
course, do not prevent the loss of kidney function in 
patients with rapidly progressive kidney disease. Thus 
in all other patients with CKD, it may be worth pre- 
scribing a reduction in dietary protein intake. 
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